A cytogenetic study of the functionally dioecious species in the genus Lycium (Solanaceae)  by Spies, J.J. et al.
S.Afr.J.Bot.,l993, 59(5): 535- 540 535 
A cytogenetic study of the functionally dioecious species in the genus Lycium 
(Solanaceae) 
J .J . Spies,* Lynette Minne, H.J.T. Venter and Andor M. Venter 
Department of Botany and Genetics, University of the Orange Free State, P.O. Box 339, Bloemfontein, 9300 
Republic of South Africa 
Received 23 March 1993; revised 10 June 1993 
A cytogenetic study of five species of Lycium and an interspecific hybrid from southern Africa, is presented. 
All these taxa have a basic chromosome number of 12. This is the first report on ch romosome numbers for 
L. arenicolum (hexaploid), L. horridum {tetraploid), L. tetrandrum (hexaploid) and L. villosum {tetraploid). 
Various meiotic abnormalities were observed, such as univalents, laggards during anaphase I, micronuclei 
during telophases I and II, and anaphase bridges. Cell fusion occurs frequently in the studied species, with 
apparently no effect on ploidy levels within them. The abnormalities observed in L. arenicolum indicate a lack 
of chromosome homology and, therefore, suggest a hybrid origin for this species. 
'n Sitogenetiese studie van vyf spesies en 'n interspesifieke baster van Lycium in suidelike Afrika word 
aangebied. AI die taksa het 'n basiese chromosoomgetal van 12. Dit is die eersle verslag oor chromosoom-
getalle vir L. arenicolum {heksaplo"ied), L. horridum (tetraplo"ied), L. tetrandrum (heksaplo"ied) en L. villosum 
{tetraplo"ied). Verskeie meiotiese abnormaliteite is waargeneem, byvoorbeeld univalente, sloerders tydens 
anatase I, mikrokerne tydens telofases I en II, asook anafase-brue. Selfusie kom dikwels in die bestudeerde 
spesies voor, maar het klaarblyklik geen invloed op hul plo"iede vlakke nie. Die abnormalite ite in L. areni-
colum dui op nie-homologie van sekere chromosome en dus op 'n basteroorsprong vir die betrokke spesie. 
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Introduction 
The genus Lycium L. (Solanaceae) consists of sma ll to large 
shrubs, with a wide distribution in arid to sub-arid, temper-
ate to subtropical regions of the world (Joubert 1981 ; Ber-
nardello 1982). Of the species studied, L. afrum L. may 
sometimes be arborescent (Palmer & Pitman 1973). The 
main concentration of 50 - 60 species of Lycium is found in 
the western hemisphere (Argentina, Mexico and western 
U.S.A.). Seventeen species occur in southern Africa (Jou-
bert 1981). 
Lycium has a secondary basic chromosome number of 12 
(Bernardello 1982). The chromosome number of L. afrum 
has been determined as n = x = 12 (Castroviejo 1982). Gold-
blatt (1980) suggested that all basic chromosome numbers 
of ten and higher are secondary derived numbers. Lycium 
may thus have a secondary basic chromosome number. 
The four functionally dioecious (A.M. Venter, in prep.) 
species, i.e. L. arenicolum Miers, L. horridum Thunb., L. 
Letrandrum Thunb. and L. villosum Schinz, were studied, as 
well as, for comparison, a hermaphroditic species, L. afrwn 
L. In the functionally dioecious species of Lycium, an 
individual plant manifests only one sex, although both male 
and female organs are present in the same flower. The func-
tionally male plants have fully developed anthers with fertile 
pollen. These plants also bear female reproductive organs, 
but the pistil is underdeveloped and functions poorly if at 
all. The ovule experiences difficulties in receiving pollen, 
since either a rudimentary style without a stigma occurs on 
the ovary, or the style and stigma arc totally absent. Rarely, 
fruit can be found on functionally male plants (Mione et a/., 
in press). Functionally female plants have normal ovary, 
style and stigma structures, but the anthers of these flowers 
are underdeveloped and do not produce pollen. Fruit forma-
tion is normal. In the hermaphroditic Lycium species, every 
nower bears normal male and female organs (Mione el a/., 
in press). 
The purpose of this study was to determine the chromo-
some numbers, to study the meiotic chromosome behaviour 
of the functionally dioecious species as well as of a herma-
phroditic species, and to determine the influence of func-
tional dioeciousness on meiotic chromosome behaviour. 
Materials and Methods 
The plant material used was collected and fixed in the field. 
A list of all the specimens collected and studied is presented 
in Table 1. Voucher herbarium specimens are housed in the 
Geo Potts Herbarium, Department of Botany and Genetics, 
University of the Orange Free State, Bloemfontein (BLFU). 
Carnoy's (1886) fixative was used to fix flowers imme-
diately after collection in the field. After 24 - 48 h of fixa-
tion, the fixative was replaced by 70% ethanol. Anthers 
were squashed in 2% aceta-carmine (Darlington & La Cour 
1976). Slides were permanently mounted by freezing with 
liquid C02 (Bowen 1956), followed by dehydration in 
ethanol and mounting in Euparal. In each specimen at least 
20 cells per meiotic stage were studied. 
Results 
The functionally female specimens have few microspore 
mother cells and an extremely low frequency of meiocytes 
were encountered. These frequencies are so low that only 
chromosome numbers could be determined, and, in these 
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specimens, a study of meiotic chromosome behaviour was 
not possible. 
All specimens examined had haploid chromosome num-
bers of 12, or mulliples of 12. Polyploidy was frequently 
observed in the specimens studied. Lycium afrum is diploid 
(n = x = 12), L. horridum and L. villosum arc tetraploid (n = 
2x = 24), and L. arenicolum and L. tetrandrum are 
hexaploid (n = 3x = 36). Specimens were considered LO be 
interspecific hybrids if they had a combination of characters 
associated with two different species. The L. afrum x L. 
Table 1 List of specimens studied with the haploid 
chromosome number of each species, voucher specimen 
numbers and collecting localities according to the degree 
reference system of Edwards and Leistner (1971) 
L. afrum' (n = 12) 
CAPE.-3318 (Cape Town): Bokbaai (--CB), Joubert 222, 223, 
A.M. Venier 346, 347 & 348; Melkbosstrand (-CD), A.M. Venter 353, 
371 &373. 
L. ajrum X L. ferocissimum' (n = 12) 
CAPE.-3318 (Cape Town): Melkbosstrand (-CO), A.M . Venrer 
352, 355 & 372. 
L. arenicolum (n = 36) 
CAPE.-2824 (l(jmberley): 6 km from lhe Windsorton tum-off to 
Riverton (-DA), A.M. Venrer 361 (o); Maidavale, Kimberley District 
(-DB), Joubert 339 (o),340 (o), 341 (o), 342 (~) & 343 ( ~ ). 
ORANGE FREE STATE.- 2825 (Boshof): Modder River bridge 
on Petrusburg- l(jmberley road (-CD), Joubert 151 (~), 324 (d) & 
325 (~); Aamink Pan (--CD),Joubert 329 (~) & 330 (d). 
L. horridum (n = 24) 
CAPE. -2824 (l(jmberley): Maidavale, ](jmbcrley District (-DB), 
Joubert 338 (~).-311 9 (Calvinia): 17 km from Calvinia to Willis-
ton (-BD), A.M. Venter 384 (o). -3123 (Victoria West): 7 km from 
Richmond to Beaufort West (-BD), A.M. Venter 366 (~); 14 km from 
Richmond to Beaufort West (- BD), A.M. Venrer 368 (o). - 3220 
(Sutherland): 2 km north of Sutherland (-BC), Joubert 333 ('? )& 334 
(o). -3224 (Graaff-Reinet): 102 krn from Uitenhage to Graaff-Rei-
net (-DC), Spies 5234 (o). 
ORANGE FREE STATE. -2825 (Boshof): 1 km east of Modder 
River bridge on Petrusburg- l(jmberley road (-CD), H.J.T. Venter 
9232 (o). -2925 (Jagersfontein): 36 km from Petrusburg to Kimber-
ley (-AB), H.J.T. Venter 9230 ( o )& 9231 ('?). 
L. tetrandrum (n = 36) 
CAPE. -3318 (Cape Town): Yzerfontein (-AC), A.M. Vemer 376 
(o) & 377 ('?); Bokbaai (-CB), A.M. Venter 347 ('?); Ganzekraal 
(--CB), A.M. Venter 350 (o) & 351 (o ). -3218 (Clanwilliam): Lam-
bensbaai beach (-AB), Spies 5001 ('?) & 5002 (o). -3420 (Bredas-
dorp): 53- km from Bredasdorp to Swellendam (--CA), Spies 5055 ('? ). 
-3317 (Saldanha): Saldanha Bay Seafront (-BB), H.J.T. Vemer 9193 
('? ). 
L. villtJSum (n = 24) 
CAPE. -2824 (Kimberley): 25 km to Barkly West from the Kim-
berley-Griekwastad tum-off (-DA), Joubert 312 ('? ) & 313 (o); at 
the Nooitgedacht tum-off on the Kimbcrley-Riverton road (-DA), 
A.M. Venter 388 ( ~) & 389 (o ); 7 km from lhe Nooitgedacht tum-off 
on the Kimbcrley-Barkly West road (-DA), A.M. Venter 357 (o) & 
358 (~); 8 km from the tum-off to Riverton on lhc Kimberley-
Windsorton road (-DA), A.M. Venter 362 (o)& 363 ('?). 
• Hermaphroditic. 
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ferocissimum hybrids are also diploid with a chromosome 
number of n = x = 12. 
L. afrum 
The eight L. afrum and three hybrid specimens studied are 
all diploid (n = x = 12) (Figure 1). Mostly ringbivalents 
were present (8 .6), resulting in a high chiasma frequency of 
1.7 (Table 2). Meiosis was regular with micronuclei being 
present in 10% of the telophase II cells of A.M. Venter 353. 
Cell fusion occurred in all the specimens (a manuscript on 
the occurrence and the effects of cell fusion on polyploidy is 
currently being prepared by J.J .S.). Cell fusion may alter the 
chromosome number of a plant. Twelve bivalents were 
clearly visible in most cells of A .M. Venter 371 (Figure ID). 
Contrary to this diplo id chromosome number, cells with 
double the normal chromosome number, resulting from cell 
fusion, were occasionally observed in the same anther 
(Figure IE). Too few specimens were studied to ascertain 
the absence of polyploidy in the species. 
Three of the specimens examined are hybrids between L. 
afrum and L. ferocissimum. Since both the hybrid and L. 
afrum have haploid chromosome numbers of 12, the haploid 
chromosome number of L. f errocissimum is probably also 
12. Meiosis I is relatively normal in these hybrids (Figure 
lC), excepting for A . Venter 355, where anaphase laggards 
were present at a 10% frequency. Micronuclei were ob-
served in 20% of the telophase 11 cells of A. Venter 352. 
This relatively normal meiosis indicates that the genomes of 
the two parental species may correspond to a considerable 
extent. The chiasma frequency of L. afrum is marginally 
higher than that of the hybrid. 
L. arenicolum 
The eleven specimens studied were hexaploid (n = 3x = 36) 
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Figure 1 Meiotic chromosomes in Lycium afrum and L. afrum 
X L. ferocissimum. A. L . afrum (A.M. Venter 371), n = 12, ana-
phase I. B. L. afrum (A.M. Venter 371), n = 12, metaphase I 
with univalcnts (U) on both sides of the metaphase plate. C. L. 
afrum X L. ferocissimum (A.M. Venter 355), n = 12, anaphase I. 
D. L. afrum (A.M . Venter 371), n = 12, diakinesis. E. L. afrum 
(A.M. Venter 371), normally n = 12, anaphase I with a chromo-
some number of n = 24 owing to cell fusion. Scale bars: 10 f.!.m . 
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Table 2 List of species studied meiotically, with the average chromosome configurations, chiasma frequencies, 
number of B-chromosomes and frequencies of each phenomenon observed in 20 cells for each meiotic stage. The 
range is presented in parentheses 
II,od Il,.g 
Species n (number) (number) 
L. afrum 12 3.4 8.6 
(2.3- 4.5) (7.5- 9.7) 
L. afrum X L. feroctssimum 12 4.9 7.1 
(2 -7) (5 - 1 0) 
L. aremcolum 36 33.3 2.7 
(28.1 - 35.3) (0.7 - 7.9) 
L. homdum 24 21.5 2.5 
(17- 24) (0 -7) 
L. letrandrum 36 31.5 4.5 
(28- 33) (3- 8) 
L. villosum 24 15.85 8.15 
(14.7 -17) (7- 9.3) 
(Figure 2). Six of these specimens were from functionally 
male plants. In these specimens only bivalents were formed, 
the majority of which were rod bivalents (Table 2). The 
chiasma frequency was 1.1 (Table 2). Microsporogenesis 
was abnormal in most of the specimens and univalents and/ 
or B-chromosomes, anaphase laggards and micronuclei were 
frequently observed (Figure 2C, F- J). The B- or euchromo-
somes were usually observed to e ither, or both, sides of the 
metaphase plate (Figure 2C), and slightly away from it 
during metaphase II. It is impossible to ascertain whether 
the chromosomes in this figure arc euchromosomes or B-
chromosomes, as they are morphologically similar. Chro-
mosomes are considered to be B-chromosomes if the 
chromosome number of the cell deviates from the basic 
chromosome number and if the number of chromosomes 
differs from one cell to another. According to this definition, 
B-chromosomes were present in I 0% of the metaphase cells 
of Joubert 324 and Joubert 330. During metaphase I , 
univalents were present in Joubert 324 (10%), Joubert 330 
(20%), Joubert 339 (20%), Joubert 340 (20%) and Joubert 
341 (8.3%). 
Joubert 324 and 330 were the only specimens with 
anaphase bridges, which, in both cases, occurred at a rate of 
12.5%. As many as five anaphase bridges were present in 
one cell of Joubert 324. Laggards were observed in Joubert 
330 (37.5%) and Joubert 340 (14.3%). In Joubert 341, 
laggards were present in 50% of the anaphase cells studied 
(Figure 2G). 
Micronuclei were observed in the telophase cells of J ou-
bert 324 (40%), Joubert 330 (10%) (Figure 2F), Joubert 339 
(20%), Joubert 341 (16.7%) and A .M. Venter 361 (10%). 
Cell fusion occurred in all the specimens. Almost all the 
specimens were cytogenetically abnormal and a decrease in 
fertility was to be expected. 
L. horridum 
A chromosome number of n == 2x = 24 was o bserved in the 
ten specimens of L. horridum studied (Figure 3). Six func-
tionally male specimens were included in the meiotic 
analysis (Table 2). Most meiotic stages were normal. Occa-
Chiasma B-chromo- Micro- Anaphase 
frequency somes Laggards nuclei bridges 
1.7 0 0 0.02 0 
(1.6 - 1.8) (0- 0.1) 
1.6 0 2.5 5 0 
(1.4- 1.8) (0- 5) (0- 10) 
1.1 0-1 0.13 0.07 0.03 
(1 - 1.2) (0- 0.4) (0 - 0.4) (0 - 0. 1) 
1.1 0 0.05 0.03 0 
(1 - 1.3) (0- 0.1) (0- 0.2) 
1.1 0 0.09 0.02 0.04 
(1 - 1.2) (0- 0.1) (0- 0.1) (0- 0.09) 
1.3 0 O.D3 O.D7 0 
(1.2- 1.4) (0- 0.1) (0- 0.1) 
sional meiotic abnormalities included anaphase laggards and 
micronuclei during telophase II (Table 2). Laggards occur-
red in 10% of the anaphase cells of Joubert 334, allhough 
all the telophase cells were normal. Laggards were present 
in 8.3% of the anaphase cells of Spies 5234 and micronuclei 
in 18.2% of the telophase cells (Figure 3C). Cell fusion 
occurred in all the specimens. Meiosis in L. horridum was, 
therefore, re latively normal. 
L tetrandrum 
The chromosome number for the nine L. tetrandrum speci-
mens examined was n == 3x = 36 (Figure 4). The four func-
tionally male specimens exhibited a chiasma frequency of 
1.1 (Table 2). An anaphase bridge per cell occurred in 9.1% 
of the cells of A.M. Venter 376. Micronuclei were present in 
10% of the cells of this specimen. Cell fusion was occasion-
ally present (Figure 4E). 
L. villosum 
All of the eight specimens of this species were tetraploid 
with n == 2x = 24 (Figure 5). Meiosis was regular in the four 
functionally male specimens studied, with the exception of 
anaphase laggards found in A.M. Venter 357 (Figure 5A) 
and 389, and micronuclei in A.M. Venter 389. 
Discussion 
This study confirms the basic chromosome number of 
Lycium as 12, it also confirms the haploid chromosome 
number of L. afrum as n = 12 (Bemardello 1982), and it is 
the first report on chromosome numbers for L. arenicolum 
(hexaploid), L. horridum (tetraploid), L. tetrandrum (hexa-
ploid) and L. villosum (tetraploid). 
Additional to the different polyploid levels described, 
several meiotic abnormalities were encountered in these five 
Lycium species studied, i.e. the presence of B-chromosomes 
and univalen ts during metaphase, laggards during anaphase I 
and anaphase bridges. 
The high frequency of univalents during metaphase I in L. 
arenicolum indicates a lack of chromosome pairing, owing 
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Figure 2 Meiotic chromosomes in Lycium arenicolum. A. A .M. Venter 361, n = 36, diakinesis. B. A.M. Venter 361, n = 36, late 
diakinesis. C. Joubert 330, n = 36, metaphase II with univalents on both sides of the metaphase plate. D. A.M. Venter 361. n = 36, 
metaphase I. E. A.M. Venter 361, n = 36, anaphase I. F. Joubert 330, n = 36, telophase II with micronucleus (M). G. A.M. Venter 
341, late anaphase I with laggards (L). H. Joubert 341, metaphase I. I . A.M. Venter 361, n = 36, metaphase I with univalents. 
J. Joubert 330, n = 36, anaphase I with laggards. Scale bars: 10 ~-tm. 
to a reduced degree of chromosome homology. Insufficient 
chromosome homology may be the result of interspecific 
hybridization, where the species involved contained 
different genomic constitutions. The pairing that does occur 
may be the result of the presence of some pivotal genomcs. 
Lycium arenicolum has most probably a hybrid origin and a 
thorough cytogenetic study of this species and its putative 
parents may solve this riddle. 
The absence of multivalents in specimens with a chiasma 
frequency higher than 1, indicates an alloploid origin for all 
the polyploid species. Such an alloploid origin is supported 
by a genome analysis (Kimber & Alonso 1981) of the tetra-
ploid specimens, which indicates that the 2:2 model concurs 
best with an x-value of 1 in each case. An alloploid origin 
suggests that hybridization played a major role during the 
development of Lycium species. 
The hermaphroditic species, L. afrum, is the only diploid 
species in the study and its chromosomes are larger than 
those of the o ther species. These larger chromosomes have 
the ability to form more chiasmata than the smaller chromo-
S.Afr.J.Bot.,l993, 59(5) 539 
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Figure 3 Meiotic chromosomes in Lycium horridum. A. H.J.T. Venter 9232, n = 24, metaphase I. B. H.J.T. Venter 9232, n = 24, 
anaphase f. C. Spies 5234, telophase I with micronucleus (M). D. A.M. Vemer 368, anaphase I. E. Spies 5234, metaphase I with 
bivalent (B). F. A.M. Venter 368, metaphase I. Scale bars: 10 J.Lm. 
- - -
" 
B 
B c 
-
.:;(. .A 
. .. 'li 
D E 
Figure 4 Meiotic chromosomes in Lycium tetrandrum. A. A.M. Venter 376, n = 36, late diakinesis. B. A.M. Venter 376, n = 36, 
metaphase I. C. A .M. Venter 376. n = 36, metaphase I with bivalents slightly to one side of the metaphase plate (B). D. A.M. Venter 
376, n = 36, anaphase II. E. A.M. Venter 376, n = 36, cell fusion. Scale bars: 10 J.Lrn. 
somes of the functionally dioecious species (Table 2). A 
cytogenetic study of more hermaphroditic species is neces-
sary to achieve a significant comparison of hermaphroditic 
and functionally dioecious species. 
In conclusion it can be stated that the genus Lycium has a 
basic chromosome number of x = 12. Polyploid levels vary 
from diploid to hexaploid, with all polyploid specimens 
suggesting a hybrid origin (alloploidy). Meiotic abnormal-
ities are frequently observed and cell fusion occurs through-
out the functionally dioecious species. Meiosis is uncommon 
in the anthers of the functionally female specimens. Rela-
tively normal meiosis in an L. afrum X L. ferocissimum 
hybrid suggests a close relationship between these herma-
phrodi tic species. 
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